Staphylococci bacteria are involved in many human and animal infections and development of alternative antimicrobial drugs against pathogenic bacteria is of great interest to the pharmaceutical industry. This study investigated the in vitro effect of Rauvolfia grandiflora methanol extract (root bark fraction) (RGE) on the density of ATCC strains of Staphylococcus aureus and Staphylococcus epidermidis, and a clinical enterotoxin-producer, S. aureus bovine strain. The alkaloid, isoreserpiline, obtained from dichloromethane extract of R. grandiflora was ineffective against the strains tested. After incubation of staphylococci strains in the presence of 1.2 µg.mL -1 RGE, a significant inhibition of cell growth was observed using both spectrophotometry and ELISA assays. Twelve drugs were evaluated for their antimicrobial effects on culture RGE-treated cells using the disk diffusion method. Penicillin resistant strains became sensitive to the drug after RGE treatment. Furthermore, enterotoxin production by RGE-treated S. aureus was evaluated using a standardized ELISA method. Although staphylococcal LSA 88 bovine strain cells remained viable after exposure to the extract, enterotoxin production was precluded in 20% after RGE treatment. Significant interference in staphylococci cell density, drug sensitivity and enterotoxin secretion was observed after treatment. The study highlights the necessity to find new methods of disease prevention and new antibiotic therapies against staphylococcal infections.
Rauvolfia grandiflora (Apocynaceae) extract and antimicrobial activity staphylococcal enterotoxins (SEs). However, their role in intoxications has yet to be clarified, and descriptions of the bacterial pathogenicity continues to grow as more proteins with the same or similar properties are isolated or characterized (20, 16, 18, 25, 31) . SEs are known to function as potent superantigens that stimulate non-specific clonal T-cell proliferation, followed by a state of hyporesponsiveness to subsequent antigen stimulation and, thus, hinder the development of protective immunity, while promoting the persistence of bacteria in the host (11) . SEs may also aggravate bovine intramammary infections throughout local cytokine release (40) . SEs are produced by S. aureus after agr activation quorum-sensing system (QS), which consists of a sophisticated system to ensure that some bacteria functions only take place when a specific population density has been reached (3) . This agr commanded system, however, is negatively influenced by the octapeptide RNAIII Inhibiting Peptide (RIP) in vivo by interfering in staphylococcal infections (4) and in vitro by polyclonal affinity purified antibodies anti-recTRAP, resulting in staphylococcal enterotoxins inhibition in liquid culture (35) .
Several plant extracts containing phenolics and alkaloid compounds may interfere with bacterial (QS) and biofilm formation (13, 29) .
As a group, the coagulase-negative staphylococci are among the most frequently-isolated bacteria in clinical microbiology and are becoming increasingly important, especially as causes of hospital-acquired infections, including S. epidermidis (37) , considered a normal inhabitant of human skin and mucous membranes, but they also infect animals (32, 38) .
Several plant-derived compounds possess medicinal properties with activity against important medical microorganisms (17, 29) . A new indole alkaloid isolated from root bark was described in Rauvolfia grandiflora, however, its biological activity has not as yet been tested (7, 8) . Previous studies have shown that plant extracts can inhibit enterotoxin production by Staphylococcus aureus strains (22, 6) . A natural product found in the bark of witch hazel, hamamelitannin, had no effect on staphylococcal growth in vitro, but inhibited the (QS) regulator RNAIII and, in a rat graft model, prevented device-associated infections in vivo, including infections caused by MRSA and MRSE strains (19) . The present study describes the biological activity of methanol extract from Rauvolfia grandiflora against staphylococci strains, and discusses the interference of enterotoxin production by S. aureus, cell growth inhibition and antibiotic interactions with the bacteria. (35, 36) and used in the development of the recombinant sec gene (33) . All strains were re-activated in Brain Heart Infusion broth.
MATERIAL AND METHODS

Test organisms and plant extract
Fractionation of RGE
The methodology used to obtain RGE followed a previously alkaloid extraction from R. grandiflora with minor modifications (8). Dried and powdered root bark (1.67 kg) from R. grandiflora was extracted with methanol at room temperature, resulting in 36.0g of residue, after solvent evaporation. About 95% of this residue was chromatographed on a silica gel column eluted with a methanol gradient in dichloromethane, and 10 fractions collected. Nine of these Rauvolfia grandiflora (Apocynaceae) extract and antimicrobial activity samples were re-fractionated but the concentrations were insufficient to carry out the tests. The isolated alkaloid compound isoreserpiline, obtained from dichloromethane fraction, was tested against all strains.
Experimental procedures
Growth Inhibition: An aliquot of 0.1 mL from Rauvolfia grandiflora root bark methanol extraction (RGE) was added to 1.8 mL of BHI and 0.1 mL of bacteria inoculum (OD 550nm 0. 
Growth and Enterotoxin inhibition assays
In order to evaluate the inhibition of SEC and SED secretion by LSA 88 bovine strain after treatment with RGE, ELISA assays were performed as previously described (35) .
After ON reactivation at 37ºC, cells were harvested by centrifugation at 12 000 x g and washed twice in PBS. Cells Ltd., Australia), according to the manufacturer's instructions.
This assay allows for the specific and sensitive detection of enterotoxins A to E (lower limit 1.0 ng.mL -1 ). Color development readings (OD 405nm ) (Biorad, USA) were realized during two intervals at the end of the assay. All the experiments described were performed in triplicate.
RESULTS
Following purification of RGE, the only alkaloid compound obtained, isoreserpiline, when tested alone against the bacterial strains selected here, showed no antimicrobial activity. The structure of isoreserpiline is shown in Figure 1 . (Table 1A) and ampicillin (Table 1B) , respectively, suggesting no effect of the treatment. Tables 2A and 2B show that the SD strain remained less sensitive to drugs, except for OXA and SUT. All other strains were responsive to RGE treatment and exhibited higher sensitivity towards the drugs tested, as confirmed by the augmentation of the inhibition zone (p<0.05). GrA-Kit used for antibiogram to analyze six anti-Gram-positive A drugs; Means followed by the same small letter in the column (strains) and capital letter in the line (extract treatment), do not differ among themselves. Tukey test, 5% probability. used in the present study may represent real inhibitory activity Rauvolfia grandiflora (Apocynaceae) extract and antimicrobial activity on staphylococcal enterotoxin secretion, if one compares this to SE inhibition using an agglutination test (22) , which may cause misinterpretation of the results. Also, enterotoxin A inhibition was assessed using a membrane over agar method and measured by immunodifusion assay (6), which is less sensitive than ELISA SEs screening used in the present work. Alkaloidcontaining extracts from different plants also show antimicrobial activity, including activity against S. aureus (29,9). Although we have not totally identified the constituents of RGE, alkaloids are known to be produced by this plant (7, 8) .
Apocynaceae are known to be alkaloid-producing plants, but the alkaloids vary in their chemical structures (7, 8, 29) . The lack of activity of the purified compound, isoreserpiline, on the staphylococci tested may be explained by the interference of others compounds present in RGE (10) 
